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The compressional-wave ultrasonic transducer is the heart of ultrasonic NDE inspection 
systems. New piezoelectric ceramics, have been developed with very high electromechanical 
coupling (kt > 70%) and ha ve been used for transmission and reception of ultrasonic wa ves. This 
paper discusses ways to improve the signal-to-noise ratio (i.e. efficiency) of >30 MHz trans-
ducers (Le. selection of materials, selection of diameter etc.) Application of the transducers 
developed to inspect creep-failed siliconized-SiC ceramics are discussed. 
INTRODUCTION 
The two most important parameters that must be considered for the construction ofhigh 
frequency (>20 MHz) compressional wave transducers are the dielectric constant eR, and Thick-
ness Coupling Coefficient, kt . The higher the frequency, the lower must be the dielectric 
constant of the piezoelectric element of the transducers. It should also have a high thickness 
coupling coefficient. These two parameters control the power output (in terms of signal strength) 
of an ultrasonic transducer. Additional properties that must be considered are the radial mode 
coupling coefficient, (kp) and the sound velocity in the piezoelectric. These parameters also 
influence the performance of such devices. This paper discusses and demonstrates the influence 
of these parameters on the power output of high frequency transducers. Three piezoelectric 
ceramics of different dielectric constant and coupling coefficient were developed. 
The advantages of piezoelectric ceramics for ultrasonic devices are; 
(1) the piezoelectric and dielectric constants ofthe material can be va ried via composition or 
by multiphase composite techniques [1]. 
(2) the sound velocity and density ofthe piezoelectric can be va ried via powder synthesis and 
sintering conditions. 
(3) the processing of piezoelectric ceramics is simpler and less expensive than single crystal 
elements; and 
(4) piezoelectric ceramics exhibit higher thickness coupling than any known single crystal 
piezoelectric. 
For these reasons, specially formulated and processed ceramics were developed. Their 
performance in transducel s is reported herein. 
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EXPERIMENTAL PROCEDURE 
PIEZOELECTRIC CERAMIC DEVELOPMENT 
Two different methods of producing piezoelectric ceramies of different dielectric constant 
ü:r ) and coupling coefficient, kt , were explored. In the first, lead metaniobate* was modified with 
a number of dopants. 
The dopant levels used were 5, 10 and 20% (these gave BM composites 9261, 9262 and 
9263 respectively). In the second approach, the modified lead metaniobate (BM 9262) powder 
was mixed with glass powder (-1 w/ol to produce a composite (BM 9262 compositel. The mixed 
powders were ball-milled, pressed into slugs (12 mm diameter, 10 mm long) and then isopressed 
at 30,000 psi. These sampIes were fired at -11 OO°C for 1 hour. Wafers were then cut, lapped to 0.4 
mm thickness and sputtered with gold electrodes on both faces. These wafers were poled at 
100°C for 3 minutes using an applied field of 4000 V/mm. The piezoelectric and dielectric 
properties were measured and the results are tabulated in Table I. 
ELECTRODE DIAMETER STUDIES 
Compositions 9261-9263 were selected, electroded and the signal strength measured as a 
function ofthe electrode diameter. 1 ern-diameter discs were cut and lapped to -340, 160,90 and 
60 11m thickness to give 10, 20, 35 and 50 MHz frequencies respectively. Gold electrodes, 1 to 
7 mm diameter were sequentially sputtered onto these elements, progressing from the smallest 
to the largest, characterizing each between applications. The elements were perfectly bonded to 
a flat-and-parallel, 4 mm thick quartz plate for characterization. The first reflection from the 
back-face was monitored and the signal strength in terms of the S/N ratio, noted. The elements 
were excited by a 100 volt, 10 ns spike with a 50 Q output. Three sampIes of each composition 
were used and the average S/N ratio obtained. The results are plotted in Figures 1 to 4. The 
optimum electrode size determined from these graphs is plotted in Figure 5. 
TABLE I. Piezoelectric and Dielectric Properties. 
Material BM 9260 BM 9261 
Dopant Level % 0% 5% 
Density (glce) 4.50 4.38 
Relative Dielectric Const. ER 165 160 
Dielectric Loss @ 1 KHz (%) 3 2 
Thickness Coupling Coeff. kt (%) 66 68 
Radial Mode Coupling Coeff. kp (%) 20 12 
Charge Constant d33 (pC/N) 64 56 
Voltage Constant g33 (VmlN) 44 40 
Sound Velocity (mIsec) 6800 6800 
* 
** 
BM 9260 (B.M. HiTech, Collingwood, ON, Canadal 
Patents applied for. 
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Figure 1. Dependence of signal strength on 
electrode diameter of lead metaniobate 
piezoelectric ceramies at 10 MHz. 
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Figure 2. Dependence of signal strength on 
electrode diameter oflead metaniobate 
piezoelectric ceramics at 20 MHz. 
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Figure 3. Dependence of signal strength on 
electrode diameter oflead metaniobate 
piezoelectric ceramies at 35 MHz. 
Figure 4. Dependence of signal strength on 
electrode diameter of lead metaniobate 
piezoelectric ceramies at 50 MHz. 
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Figure 5. The optimum electrode diameter as a function of thickness of lead metaniobate 
piezoe lectric ceramics. 
All piezoelectric sampies were lapped but not repoled. Stresses that develop during 
lapping and any non-parallelism, decreases the piezoelectric efficiency of the element, Le., it 
suffers a decrease of k t , d33 and g33 coefficients and a slight increase of dielectric constant [2]. 
The plotted data were not corrected for these effects so the signal strength shown is lower than 
its actual value. No A/4 layer was applied to match the load. The application of such a matching 
layer is known to increase the power output ofultrasonic transducers. 
VELOCITY PROFILING OF CREEP-DAMAGED SILICONIZED-SiC CERAMICS 
The elements and their optimum electrodes were used to examine creep-failed Si-SiC 
(1300°C> 100 hrs) ceramic tensile specimenst . Two miniature (-1 mm 1»,30 MHz transducers 
were constructed using the LMN compositions of dielectric constant < 500 and thickness 
coupling coefficient, 68%. Underwater pitchlcatch scanning was performed on the creep-failed 
tensile specimen. Velocity and thickness profiles were obtained and the results are shown in 
Figures 6 to 8. Three 2 mm square areas in the vicinity of the fracture surface <Figure 6) were 
scanned. The second area was midway along the half specimen (Figure 7) and the third in the 
grip region. In these C-scans, the sampie was placed between the specimen and the transmitter. 
The bottom transducer transmitted a pulse which, having passsed through the sampie thickness, 
T, was received by the top transducer a time interval later (C). At precisely the same position, 
the bottom and top transducers were fired and the returning signals from the bottom and top 
surfaces timed (A & B respectively). The time for the pulse to travel through the water only was 
also measured (D). Since the sound velocity in water is known (1495 mJs between 24 and 25°Cl, 
the material thickness and the velocity of sound therein was calculated using the following 
relations: 
Courtesy ofS. Weiderhorn, Ceramic Research Division, :-.IBS, Washington, D.C. 
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Figure 6. 30 MHz ultrasonic C-scan showing variation in thickness (a) and velocity (h) for 
creep failed Si-SiC cerarnics in the vicinity of the fracture surface. Average thickness and 
velocity values found are 2.836 rnrn and 10674 m/s respectively. 
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Figure 7. 30 MHz ultrasonic C-scan showing variation in thickness (a) and velocity (h) for 
creep failed Si-SiC cerarnics at the section rnidway along the half specirnen length. Average 
thickness and velocity values found are 2.847 rnrn and 10115 m/s respectively. 
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Figure 8. 30 MHz ultrasonic C-scan showing variation in thicknss (a) and velocity (b) for creep 
failed Si-SiC ceramies in the grip region. Average thickness and velocity values found are 
2.852 mm and 10112 rnlsec respectively. . 
Thickness T = {D-(A+B)/2} X 1.495mm 
Time t = {C - {A + B}/2} llsec 
Velocity = T/t mrnlllS 
All graphs labe lied (a) in Figures 6 to 8, represent the thickness C-scan. The darker 
region is more thick than the light areas. A cross-section Oine-plot) of the area marked with an 
arrow is shown in each figure. The average thickness of each scanned areas is also given. All 
graphs labelIed (b) in Figures 6 to 8, represent the velocity C-scan. Darker regions indicate high 
speed. The average velocity of sound in the scanned areas are given in the figures. The line plot 
locations are marked with arrows on each C-scan figure. 
RESULTS AND DISCUSSION 
It is clear from Table I that, by both compositional modification and composite synthesis 
techniques, the piezoelectric properties oflead metaniobates compositions can be improved. The 
advantage of the composite technique is that the dielectric constant can be decreased 
considerably. This in turn increases the thickness coupling coefficient (kt ). An example is 15% 
doped LMN (9262) which exhibits a dielectric constant decrease from 190 to 120 on dispersion in 
1 % glass. Concurrently, the thickness coupling coefficient, kt , increases from 78% to 92%. No 
change of radial-mode coefficient (kp) was observed. The advantage of a glassy rather than 
polymerie matrix for the composites is the high sound velocity in the glass which facilitates use 
at high frequencies (>10 MHz). Polymer-base composites have low acoustic impedance but 
cannot be used for frequencies > 10 MHz. 
In designing high frequency transducers, the capacitance of the piezoelectric element 
must be considered. The capacitance is inversely proportional to the element thickness (t) So, 
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as frequency increases (and t decreases), increasing eapacitanee eauses problems for the output 
signal. It is distorted and loses power [2J . To inerease the power (the signal strength), optimum 
diameter piezoeleetric ce ramie elements must be used. The other main parameter that deter-
mines lhe signal slrenglh is the thickness eoupling coefficient, kt . This should be as high as 
possible. 
Three LMN compositions (namely 9261, 9262 and 9263) were selected to demonstrate the 
role of these two parameters. These compositions ha ve dielectric constants, 230, 190 and 160 and 
kp 68, 78, and 72% respectively. All frequencies, (Figures 1 to 4) with the exception of 10 MHz, 
exhibit maximum signal strength within 7 mm electrode diameter. The optimum eleetrode 
diameter increases with decreasing dielectric constant (Figure 5). The maximum signal 
strength not only depends on dielectric constant but also on the thickness coupling coefficient. 
Materials of dielectric constant 160 and 190 with k t 68 and 78% respectively are compared in 
Figures 1 to 4. The 78% k t (eR = 190) material has a high signal strength with an optimum 
electrode diameter smaller than that for the kt = 68% material. The optimum electrode size for a 
given freque{lcy can be identified from Figure 5. By selecting appropriate sizes, the tuning 
circuit can be eliminated for high frequency transducers. Iflarger-than-optimum electrode sizes 
are used, the power output decreases and the pulse shape is distorted. 
The required thickness for 100 MHz piezoelectric ceramics, with sound velocities of 4000 
and 7000 mJsec, are 20 and 35 pm, respectively. (Points A and B on Figure 5). The electrode 
diameters for 20 and 35 pm thicknesspiezoelectric ceramics with relative dielectric constant of 
60 and 160 are 3.2 and 5.7 mm and 1.5 and 4.6 mm respeetively. Larger electrode diameters can 
be used at high frequencies if the piezoelectric material has a low dielectric constant and a high 
sound velocity. 
The pitchlcatch transducer geometry was used to determine the velocity profile of the 
1300°C/> 100 hours creep-failed Si-SiC specimen. Three , -2 mm square areas were scanned, 
using two 30 MHz miniature transducers. The first scan was in the vicinity of the fracture 
surface (Figure 6), the second midway along the half-specimen length (Figure 7) and the third in 
the grip region (Figure 8) . The following points emerge from these results; 
(1) the thickness ofthe failed specimen decreased from 2.850 mm at the grips to 2.836 mm at 
the fracture surface (a 0.6% decrease). 
(2) the velocity of sound increased from 10,112 mJsec at the grips to 10,673 mJsec near the 
fracture surface (a 5% increase), 
(3) more flaws were identified in the neighbourhood of the fracture surface and in the middle 
section. Increased high-sound-velocity regions were also evident at the fracture end. 
These findings suggest a "densification" has occurred in the vicinity of the fracture 
surface during creep at high temperature. This is probably due to the "squeezing" of the ductile 
silicon between the hard SiC grains as grain-boundary sliding deformation oeeurs near the 
eventual fracture surface. The Si-rieh regions will be more dense and the increased sound 
velocity areas detected correspond to these regions. Low-velocity regions (light areas on velocity 
maps) correspond to creep-associated cavities. There are more of these elose to the fraeture 
surface, as expected, but there is evidence of lower-level occurrence at the half length of the 
specimen. 
CONCLUSIONS 
As a result ofthe studies here reported, the following points emerge; 
(1) for high frequency (>30 MHz) transducers, the dielectric constant of the piezoelectric 
elements should be <200 and the thickness coupling coefficient, kt , should be as high as 
possible. 
(2) the optimum piezoelectric diameter must be used to ensure high power (i.e. signal 
strength). 
(3) the development of piezoelectric composites is avenue for improved piezoelectrie 
elements for compressional-wave transducers. 
(4) velocity measurements in ceramics allow insight into their microstruetural state and the 
mechanisms of its production during ereep at high temperatures. 
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